A new photochromic diarylethene derivative with a triazozoyl hydrazine unit has been designed and synthesized. Its photochromism and photoswitchable fluorescence behaviors were studied systematically by the stimuli of lights and chemical substances in acetonitrile solution. With the addition of Ca 2+ , the emission intensity enhanced 6.7 fold, accompanied by an obvious fluorescent color change from dark to light blue. The complexation between the derivative and Ca 2+ is reversible with the 1 : 1 stoichiometry, which was verified by Job's plot and MS. The limit of detection (LOD) for Ca 2+ was determined to be 2.49
Introduction
Calcium, the h most abundant element in the earth's crust, plays a very important role in many environmental and biological processes. [1] [2] [3] [4] Meantime, Ca 2+ is also a pivotal secondary messenger inside cells, [5] [6] [7] and visualization of Ca 2+ intracellular dynamics has generated considerable biological knowledge.
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Changes of Ca 2+ concentration are related to immune responses and physiological responses to obesity. [10] [11] [12] [13] [14] [15] [16] [17] High concentrations of Ca 2+ ions will reduce the permeability of neuron membranes to sodium ions, thus reducing the excitability, resulting in low tension of smooth muscle. 18 Therefore, the effective and selective detection of Ca 2+ ions is of great signicance to medicine, environmental science and biochemistry.
Up to the present, there are a lot of traditional methods to detect various ions, such as atomic absorption spectrometry (AAS), 19 inductively coupled plasma mass spectrometry (ICP-MS), 20 voltammetry, 21 ion-selective membrane, 22 and liquid chromatography-mass spectrometry. 23 However, these methods all require high cost and complex instruments, and it is inconvenient to monitor the site quickly in different environments. Compared to these, a uorescence probe is an effective tool to detect target ions due to its simplicity, easy implementation, high sensitivity and low detection limit. [24] [25] [26] [27] [28] [29] [30] [31] To date, a number of uorescent probes based on coumarin, 32 rhodamine, 33 of the utmost importance at present. Among the reported uorescence probes, diarylethene derivatives are the most promising candidates, due to their excellent thermal stability, remarkable fatigue resistance, drug resistance and rapid response. [40] [41] [42] Furthermore, the identied ions could induce the diarylethene molecular to undergo polystable conversion, 43 and these properties make it possible for the application in the led of multi-addressable switching. Although some of processes have been made in diarylethenes based on ion recognition, 44-50 the sensors for Ca 2+ ions based on diarylethenes have rarely been reported.
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In this article, a new Ca 2+ uorescent sensor (1o) based on diarylethene and the triazozoyl hydrazine unit was designed and synthesized. The structure of 1o was characterized by 1 H NMR, 13 C NMR, and HRMS, and the data were shown in ESI (Fig. S1-S3 ). † Its photochromism and uorescent properties induced by lights and chemical species were also systematically discussed. The synthesis and photochromism of 1o are shown in Scheme 1.
Scheme 1
The synthetic route and photochromism of 1o.
Experimental

General methods
Unless otherwise mentioned, all the reagents for the synthesis of the target compound were acquired from commercial suppliers and were used without further purication. 
Synthesis of 1o
Diarylethene 1o was synthesized via the route shown in Scheme 1. Precursor 2 was synthesized according to the method reported in literature. 53 Then compound 2 (0.098 g, 0.2 mmol) was dissolved in 5.0 mL absolute methanol, followed by the addition of 1H-[1,2,4]triazole-3-carboxylic acid hydrazide (0.025 g, 0.2 mmol). The mixture was stirred for 12 h at room temperature in order to complete this reaction. Aer that, the solution was put into a refrigerator overnight. The crude product was washed with anhydrous methanol (5.0 mL Â 3) and dried to give the bluish solid compound 1o (0.081 g, yield: 68%) with the mp of 488-490 K. 1 
Results and discussion
Photochromism and uorescent properties of 1o
The photochromic properties of 1o were studied in acetonitrile (2.0 Â 10 À5 mol L À1 ) at room temperature as shown in Fig. 1A .
The absorption maximum of 1o was observed at 343 nm (3 ¼ 4.4 Â 10 4 mol À1 L cm À1 ). Subsequently, upon irradiation with 297 nm light, a new broad absorption band centered at 572 nm
) emerged because of the formation of the closed-ring isomer 1c with larger p-electron delocalization in the molecule. 54 In the photostationary state (PSS), a clear isosbestic point was observed at 365 nm, accompanied by a distinct color change from colorless to purple, which supported the reversible two-component photochromic reaction. 55 Conversely, upon irradiation with visible light (l > 500 nm), the colored solution of 1c was bleached entirely, and its absorption spectrum recovered to that of the open-ring isomer 1o. The quantum yields of cyclization and cycloreversion were determined to be 0.24 and 0.022, with 1,2-bis(2-methyl-5-phenyl-3-thienyl)peruorocyclopentene as a reference. 56 Additionally, the photochromic cyclization/cycloreversion kinetics were studied in acetonitrile solution (2.0 Â 10 À5 mol L À1 ) at room temperature. As described in Fig. S4A , † the relationships between the absorbance and exposure time have good linearity upon irradiation with 297 nm light, suggesting that the cyclization processes of 1o belong to the zeroth order reaction. The reaction rate constant (k o-c ) of 1o was determined to be 1.51 Â 10 À3 s À1 . Similarly, the relationship between Àlog(Abs) and exposure time also has perfect linearity, indicating that the cycloreversion process belong to the rst order reaction. The reaction rate constant (k c-o ) was determined to be 4.39 Â 10 À2 s À1 (Fig. S4B †) . Furthermore, the fatigue resistance of 1o was also studied by alternating UV and visible lights at room temperature ( Fig. S5 †) . The results indicated that the coloration-decoloration cycles between 1o and 1c could be repeated for 10 times with 15% degradation. Fig. 1B showed the uorescence spectral changes of 1o upon photoirradiation in acetonitrile solution (
The original state of 1o displayed weak uorescence at 443 nm when excited at 340 nm, and the absolute uorescence quantum yield was determined to be 0. , the emission intensity dramatically increased by 6.7 fold, accompanied by a red shi of 39 nm from 443 nm to 482 nm. Then the uorescence intensity achieved its maximum until the amount of Ca 2+ reached 2.2 equivalents of 1o (Fig. S4 †) , and the absolute quantum yield of uorescence was determined to be 0.03, which is 6 fold of 1o. Meanwhile, the uorescent color changed from dark purple to light blue, which was coincident with the changes in the uorescence spectra. The weak uorescence of the initial state 1o was put down to the C]N isomerization, which has long been known as the dominant decay process. 57, 58 However, a stable chelate 1o-Ca 2+ was was brought back to that of 1o, suggesting that the complexation-decomplexation reaction between 1o and Ca 2+ was reversible.
Complexation mechanism of 1o with Ca
2+
To further investigate the coordination mode of 1o and Ca 2+ , Job's plot analysis was performed by using the emission intensity at 482 nm for Ca 2+ as a function of molar fraction of 1o according to the reported method. 60 As shown in Fig. 4 ]) was about 0.5, suggesting that 1o was bound to Ca 2+ with a 1 : 1 stoichiometry in acetonitrile. Based on these results and uo-rescence titration data, the association constant (K a ) of 1o with Ca 2+ was calculated from the slope and intercept of these linear plots to be 8.86 Â 10 3 L mol À1 with a good linear relationship (R ¼ 0.990) (Fig. S6 †) . According to the method reported in previous literature, 61 the limit of detection (LOD) of 1o toward Ca 2+ was determined to be 2.49 Â 10 À8 mol L À1 (Fig. S7 †) . Therefore, 1o
could serve as a uorescent sensor for detection of Ca 2+ with high selectivity and sensitivity in acetonitrile. (Fig. S8 †) .
These results further proved that 1o and Ca 2+ formed a 1 : 1 complex. Based on these facts, the most likely binding mode was shown in Scheme 2. Furthermore, the affection of pH to the sensor was also investigated. According to the methods in our previous work, 62 the uorescence intensity changes of 1o and 1o 0 over different pH values in CH 3 CN : H 2 O (9 : 1, v/v) were shown in Fig. S11 . † The results demonstrated that the optimal pH region for sensor 1o and 1o 0 was 6.0-9.0.
Application in logic circuit and practical sample
According to the properties described above, the uorescence emission of 1o could be effectively modulated by either UV-vis lights or chemical reagents stimuli in acetonitrile, and the photoswitching behaviors of 1o are shown in Scheme 2. On the basis of these facts, a logic circuit was constructed by using UV (In1), vis (In2), Ca 2+ (In3), and EDTA (In4) as four input signals, and the emission intensity at 482 nm as the output signal (Fig. 6) . The emission intensity of 1o at 443 nm was considered as the initial value. When the emission intensity at 482 nm was 6.7 fold larger than the initial value, the output signal could serve as 'on' with a Boolean value of '1'. Otherwise, it serves as 'off' with a Boolean value of '0'. For instance, when the input strings were '1, 1, 1, and 0', the corresponding signals to In1, In2, In3, and In4 are 'on, on, on, and off'. Under this condition, 1o was converted to 1o 0 with the stimuli of Ca
2+
, and the emission intensity increased dramatically. As a result, the output digital was '1'. Similarly, others stimuli would cause different on-off uorescence switching. All of the possible logic strings were listed in the combinational logic circuit as shown in Table 1 .
The application of 1o to the practical samples was also performed. The Ca 2+ content in real water samples from the Ganjiang River in Nanchang, Jiangxi province were determined. 
Conclusions
In conclusion, a novel uorescent sensor based on a diarylethene derivative with triazozoyl hydrazine unit was developed. The sensor exhibited high selectivity toward Ca 2+ over other metal ions, and the detection limit for Ca 2+ could be as low as 2.49 Â 10 À8 mol L À1 . Furthermore, a logic circuit was designed and constructed with the emission intensity at 482 nm as output signal and the UV/vis lights, Ca 2+ /EDTA as input signals.
The application results indicated that the sensor could be used for the detection of Ca 2+ in practical samples. All these results will be helpful for the design and construction of new sensors for Ca 2+ with high selectivity and sensitivity in the future.
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